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Mass yields in “"®Pb irradiated with 1GeV protons

Fission products

Spallation products
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Cross Sections of Spallation Residues Produced in 14 GeV “®Pb on Proton Reactions
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Spallation residues produced in | GeY per nuclean “*Ph on proton reactions have been studied using
the Fragment Separzior facility at GSL [sotopic production cross sections of elements from ¢ Pm to nPh
have been messired down w 0.0 mb with @ high accuracy. The recoil kinetic energies of the produced
fragments were also determined. The oblained cross sections agree with most of the few exishng gamma-
spectroscopic data The data are compared with different inranuclear-cascade and evaporation-fission
mesdels. Dirastic deviations were found for a stndard code used in tzchnical applications.

PACS pumbers; 2540.8g, 3410 -1, 25.700Ma, 2925 iz

Spallation reactons have recently captured an increas-
mg interest due o their technical applications as intense
neutron sources for accelerator-driven subcritical reactors
[1] or spallation neutrom sources [2]. The design of an
accelerator-driven system (ADS) requires precise knowl-
gl se of nuchde production cross sections in order (o be
able to predict the ameunt of radicactive isotopes produced
inside the spalfation target. Indeed, short-lived 1sotopes
may be responsible for muaintenance problems and long-
lived ones will increase the long term radiotoxicity of the
svitem, Recoil kinetic energies of the frogments are impor-
tant for stuches of radiation damages in the structure mate-
mals ar in the case of a solid target, Data concerning lead
are particularly impomant since in most of the ADS coa-
cepts actually discussed, lead or lead-bismuth alloy is con-
sidered as the preferred material of the spallation larget.

The presemt expenment, using nverse kinematics,
is able 1w supply the identification of all the isotopes
prodeced in spallation reactions and information on their
recoil velocity. Moreover, the data represent a crucial
benchmark for the existing spallanon models used in
the ADS technology. The precision of these models to
estimate residue production cross sections i8 still far from
the performance required for technical applications, as it
wis shown in Bef. [3]. This can be mostly ascribed o the
lack of complete dastributions of all produced isotopes to
constrain the models. The available data were generally
ohtained by chemistry or gamma spectroscopy [4-6]
which give access mostly o cumulative yields produced
after long chains of decaying isotopes.

In this Letter, we report on complele isotopical prodoc-
ton cross sections for heavy fragments produced in spal-
lasion of *"Ph on proton at 1A GeV, down to 0.1 mb with
a high precision. The kinematic properties of the residues
are alzo studied. The cross sections of lighter soiopes

3736 0031 - 5007 /00 / 84(25) /5736(41515.00

produced by fission will be presented 1n a forthcoming
publication.

The expenmental method and the analysis procedure
have been developed and applied in previous expeériments
[7-9). The primary beam of 14 GeV WP wis delivered
by the heavy-ion synchrotron SIS ar (51, Da.nTrsr:ldt The
proton target was composed of 873 mg/em?® liquid hy-
drogen [10] enclosed between thin titanium foils of a to-
tal thickness of 36 mg/cm®. The primary-beam intensity
was continuously monitored by o beam-intensity monitos
[SEETEAM) based an secondary-electron emisston. In or-
der to subtract the contribution of the targer windows from
the mensured reaction rate, measurements were repealed
with the empty target. Heavy residues produced in the tar
get were all strongly forward focused due to the inverse
reaction kinematics. They were identified vsing the Frag-
ment Separator (FRS) [11]

The FRS is a two-stage magnelic spectiomeier with a
dispersive intermediate image plane (53) and an achro-
matic final image plane {54} with momentum accepiance of
3% and angular acceprance of 14.4 mrad around the beam
axis. Two position-sensiive plastic scintillators placed
at 5» and 5y, respectively, provided the magneoc-rigidity
{Bp) and time-of-flight measuremnents. which allowed 10
determine the mass-over-charge ratio of the particles. In
the analvsis, rotally stripped residues were considered only.
In the case of residues with the highest nuclear charges
{above 4sTh) an achromatic degrader (5.3 to 5.9 g/em’
of aluminum) was placed at §; to obtain a better Z reso-
lution. The elements below terbium were identified from
an cnergy-loss messurement in an ionizanon chamber
iMUSIC). The velocity of the identified residue was
derermined at 53 from the 8p value and transformed into
the frame of the beam in the muiddle of the target taking
into account the appropriate energy loss.  About 100
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FIG. 3. Mass distribution (upper panel) and recoil ki-

netic energy (bottom panel) of the residues produced in 1-A

GeV “*Pb on hydrogen reactions (triangles) versus mass

number, compared with the Cugnon-Schmidt (solid line),

Bertini-Dresner (dashed line) and Isabel-Dresner (dotted line)

models. The dash-dotted line shows the recoil kinetic energies
expected from the Morrissey systematics [23).

The velocity distribution of each residue was also de-
termined, from which it was possible to infer informa-
tion about the recoil kinetic enerev in the nraiactila cve.
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Isotopic distributions of the products in Pb-208+1GeV protons: GSI+LAHET-ISABI
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Isotopic distributions of the products in Pb-208+1GeV protons: GSI+LAHET-BERTIN
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Isotopic distributions of the products in Pb-208+1GeV protons: GSI+YIELDX
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Isotopic distributions of the products in Pb-208+1GeV protons: GSI+INUCL
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Isotopic distributions of the products in Pb-208+1GeV protons: GSI+CASCADE/INI
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Isotopic distributions of the products in Pb-208+1GeV protons: GSI+ITEP+Codes
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Figure 3: Isotopie production cross sections of elements between Z=64 and 83 in reaction of Pk on hydrogen at L
3eV /n. Filled circles show (51 data [6], opened stars are recent ITEF dats measured by the y-spectromerty met hod
18], opened squares show present CEM2k results.
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Table 1: Mean mass number, A, charge, Z, excitation
enerzy, E* (MeV), and angular momentum L (%) of
the compound nuclei formed after the preequilibrium
stage of reactions calculated by different approaches as
plotted in Fig. 2

Method A Z E* E |
CEMO9T 193.9 | 78.2 H8.7 24.6
(plot a and b)

'y — 20, 193.4 | 78.0 58.3 24.8
(plot c)

Only A, =+2 | 196.4 | 78.6 86.4 24.1
(plot d)

No P 191.0 | 77.0 65.0 21.3
(plot e)

CEM2k 193.9 | i8.1 97.5 20.8
(plot f)




